Result: Overall CLABSI decreased by 65% after implementation of the line team. Pre intervention, mean overall CLABSI rate was 11.6 /1000, as compared with 4.0/1000 after intervention (P<0.001). Birth-weightspecific CLABSI rates also decreased significantly. Decreased infection rates were sustained over time.
Introduction
Critically ill patients are at an increased risk of developing centralline-associated bloodstream infections (CLABSIs) due to prolonged central vascular access. Several risk factors for CLABSI have been identified in the literature including heavy bacterial colonization of the insertion site and catheter hub, substandard catheter maintenance and reduced nurse to patient ratios. 1 Within the neonatal intensive care unit (NICU) population, low birth weight, lower gestational age and duration of central catheter use have been significantly associated with CLABSI. 2 Practice recommendations for prevention of CLABSI by the Society for Healthcare Epidemiology of America and the CDC recommend implementation of a central venous catheter insertion checklist, use of chlorhexidine skin antisepsis for line insertion, dressing changes and cleaning hubs and daily assessment of central line necessity to prompt removal of central lines when no longer necessary. In addition, education of healthcare workers regarding best practices for central catheter insertion and maintenance, appropriate nurse staffing and designating trained personnel for the insertion and maintenance of IV catheters are recommended. 1, 3 A new emphasis is placed on developing and using evidence-based bundles for line insertion and maintenance, as well as tracking and reporting compliance with bundle components. 3 There are data demonstrating success of insertion and maintenance bundles in decreasing CLABSI in adult and pediatric populations. [4] [5] [6] Recent data in pediatric patients in PICUs demonstrated the relative significance of maintenance bundle compliance in decreasing CLABSI rates. 6 Use of maintenance bundles to decrease CLABSI in NICUs has been studied more recently with positive results. [7] [8] [9] [10] In several studies, successful BSI reduction appears limited due to suboptimal bundle compliance with central line care. [7] [8] Data regarding the use of intravascular therapy (IV) teams to decrease bloodstream infections are scarce, and use of IV teams remains an unresolved issue in CLABSI prevention. 1, 3 Few studies in adult populations have demonstrated significantly lower rates of catheter-associated bloodstream infections secondary to peripheral vascular catheters, when a specially trained IV team inserted and maintained the lines versus resident or ward nurses. 11, 12 In one study, rates of bloodstream infection associated with peripheral IV catheters decreased by 35% after an IV team began inserting and maintaining lines. 11 A total of 29 BSIs were avoided in 1 year following institution of an IV team in another reported intervention. 13 In addition to decreased rates of catheter-related sepsis, rates of phlebitis and inflammatory symptoms decreased when an IV team handled the lines.
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Data regarding impact of IV teams in decreasing CLABSI are even scarcer. One group instituted an IV team for maintenance of central vascular catheters including dressing changes, assisting with infusion therapies and overseeing education of line maintenance in an adult unit. They reported a decrease in CLABSI from 45 to 19 per year. 14 Only one previous study has incorporated the use of a central line team in a NICU as part of an intervention to decrease CLABSI. They demonstrated an overall decrease in CLABSI rates from 4.9/1000 to 2.1/1000 over a 3-year period. However, multiple concurrent interventions were introduced, including use of chlorhexidine in addition to a team that inserted and maintained central catheters. Therefore, it is difficult to discern the impact of the line team on the CLABSIs decline noted. Review of infections demonstrated that lines were in place of a median of 21 days before occurrence of CLABSI, indicating that catheter maintenance rather than insertion was the main concern. In March 2008, a line maintenance team was implemented in the NICU in order to limit central catheter maintenance care to a small group of highly trained nursing staff, and determine whether assuring standardization and compliance with line maintenance recommendations via the line team would impact the incidence of CLABSI.
Methods
CMHH is a 240-bed tertiary care pediatric hospital with a 118-bed level II to III NICU. There are B300 nurses on staff in the NICU. BSI surveillance began in the NICU in December 2006. CDC-National Healthcare Safety Network (NHSN) definitions were used to define CLABSI. 15 The case definition for CLABSI due to common skin contaminants, including coagulase-negative Staphylococcus, was modified by NHSN in 2008. 16 Therefore, the case definition used to define a CLABSI in our NICU changed in January 2008. To determine whether the case-definition change alone could account for observed decreases in CLABSI rates, all identified CLABSI from December 2006 to December 2007 were retrospectively reviewed utilizing the revised definition. Overall and birth-weight-specific rates were then corrected to reflect consistent use of the definition both before and after introduction of the line team and compared for significance. CLABSI rates were reported as number of CLABSI per 1000 central line days. Central line days included peripherally inserted central catheters, Tunneled catheters and umbilical catheters. All tests of significance were two-tailed, and P values less than 0.05 were considered significant.
Results
Overall CLABSIs rate decreased significantly after implementation of the line team in March 2008. Birth-weight-specific CLABSI rates also decreased significantly in four birth weight categories. The overall rate of CLABSIs before the line team was 12.9/1000 (157/12 141) and 4.0/1000 (109/27 042) post-line team, P<0.001.
After correcting infection data from December 2006 to December 2007 for NHSN CLABSI definition change, 16 bacteremias due to common skin contaminants were excluded. The overall CLABSI rate pre line time decreased to 11.6/1000 (141/12,141) as compared with post-line team rate of 4.0/1000. This remained a highly significant decrease (P<0.001) (Figure 3 ). When we further divided the post-line team infection rates to reflect the time period before and after the line team's assumption of medication administration in October 2009, the CLABSI rate decreased from 4.5/1000 to 3.2/1000 but this was not statistically significant (P ¼ 0.09). Device utilization (catheter days/patient days) increased slightly in the post-intervention period as compared with pre-intervention (0.31 vs 0.29), but this was not significant (P ¼ 0.92).
Birth-weight-specific infection rates decreased in all categories and decreased significantly in all but the 751 to 1000 g birth weight category (Table 1) . Birth weight median CLABSI rates decreased from greater than NHSN 90th percentile in all birth weight 
Discussion
A central vascular catheter-line maintenance team was associated with a significant decline of CLABSI in our experience. A highly significant decrease in CLABSI occurred immediately following introduction of a line maintenance team after multiple interventions, including maintenance bundles and transitioning to chlorhexidine for antisepsis failed to decrease the rate. The lower rates have been maintained over time.
The success of the line maintenance team is likely multifactorial. Data from PICU and NICU settings have demonstrated the efficacy of bundling line maintenance care in decreasing CLABSI as well as overall BSI rates. [6] [7] [8] [9] In comparing successes of maintenance bundles in decreasing CLABSI between different NICUs, units with greater adherence to the maintenance bundles demonstrated greater decreases in infection rates. [6] [7] [8] Previous data in adults units demonstrated the efficacy of instituting line maintenance teams in reducing bloodstream infections. [11] [12] [13] [14] Our experience is consistent with these findings. Before initiation of the line maintenance team, our CLABSI rates did not decrease despite initiation of a maintenance bundle and use of chlorhexidine. After initiation of the line maintenance team, significant CLABSI reduction occurred utilizing the same maintenance bundle. The efficacy of the line team in our Reducing NICU bloodstream infections with a line team G Holzmann-Pazgal et al experience correlates with consistent and meticulous compliance with proper techniques focused on insuring sterility of the vascular catheter in the time period after insertion. As patients in the NICU often require prolonged vascular access, insuring consistent sterile technique in maintenance of the lines is especially crucial. In addition, members of the line maintenance team consistently perform the same tasks repeatedly and are likely to become more skilled at those tasks as compared with nurses who perform tasks less often. There are data in the literature demonstrating that in general, experienced practitioners perform better than less experienced ones. 18 Having a dedicated team responsible for central line maintenance also assures that these functions can occur in a consistently reliable manner, even during times of increased census when the bedside nurse may be too busy, and practice variation can occur to the detriment of the patient. There are data correlating infection rates with increased census, fluctuations in composition of staffing or increased patient to nurse ratios. 19 It is noteworthy that the CLABSI rates did not decrease significantly after September 2009, when our line team took over the function of medication administration through central lines. Compliance with scrubbing the hub for at least 20 seconds is nearly impossible to audit as there are multiple times per day that any given line can be accessed. It is possible that compliance with this component was not 100% even after the line team assumed this responsibility. Persons other than line team members may have occasionally continued to administer medications for multiple reasons, such as convenience. It is also possible that compliance with cleaning the hubs was equivalent between general nursing staff and line team members, in which case a significant impact on CLABSI rates would not be expected.
Our experience could be generalizable to large, extremely busy NICUs with a large nursing staff that may be struggling with implementation and compliance with evidence-based line maintenance practices. By limiting the number of personnel that NICUs struggling to implement evidence-based bundles to decrease CLABSIs may benefit from establishment of a dedicated team of healthcare workers to perform various or all aspects of line maintenance care. Effective implementation can thus be facilitated by reducing or eliminating practice variation and increasing compliance with all aspects of line maintenance bundles. Additional studies are needed to determine the generalizability of line maintenance teams to smaller NICUs and other patient-care settings in pediatrics.
